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$SSO\LQJ75,=DQG%DVV0RGHOWR)RUHFDVW)LWQHVV7UDFNLQJ'HYLFHV7HFKQRORJ\

6RZPLQL6HQJXSWD-LVXQ.LP6HRQJ'DH.LP
,QWHO&RUSRUDWLRQ2UHJRQ86$
'HSW(QJLQHHULQJRI7HFKQRORJ\0DQDJHPHQW3RUWODQG6WDWH8QLYHUVLW\3RUWODQG2586$
8QLYHUVLW\RI$ODVND$QFKRUDJH$ODVND±86$

AbstractRIWKHZRUOG¶VSRSXODWLRQOLYHVLQFRXQWULHV
ZKHUH RYHUZHLJKW DQG REHVLW\ NLOOV PRUH SHRSOH WKDQ WKRVH
ZKR DUH XQGHUZHLJKW +HDOWKFDUH RUJDQL]DWLRQV SULYDWH
FRUSRUDWLRQV DQG LQGLYLGXDOV DUH LQYHVWLQJ LQ SURDFWLYH
KHDOWK DQG ZHLJKW PDQDJHPHQW $GYDQFHV LQ VHQVRU
WHFKQRORJLHV KDYH HQDEOHG GHYHORSPHQW RI DIIRUGDEOH
ZHDUDEOHWHFKQRORJ\GHYLFHVWKHPRVWUDSLGH[SDQVLRQEHLQJ
ILWQHVVWUDFNHUVZKLFKHQWHUHGWKHPDUNHWLQ7KLVSDSHU
GHVFULEHVWKHDSSOLFDWLRQRIDFRPELQDWLRQRI75,=DQG%DVV
PRGHOLQJ WR IRUHFDVW WKH WHFKQRORJ\ JURZWK SURMHFWLRQV IRU
ILWQHVVWUDFNHUV)RUWKH75,=PRGHOLQJWKHILWQHVVWUDFNLQJ
V\VWHP ZDV GLYLGHG LQWR WKUHH VXEV\VWHPV DQG HDFK ZDV
DQDO\]HG SHU WKH WHFKQRORJ\ WUHQGV IURP FXUUHQW OLWHUDWXUH
7KH VXEV\VWHPV¶ FRPELQHG DVVHVVPHQW ZDV WKHQ YLVXDOL]HG
YLDDUDGDUSORW7KHDQDO\VLVVKRZHGWKHWHFKQRORJ\WREHLQ
DQHPHUJHQWVWDWHZLWKSULPDU\JURZWKLQWKHKDUGZDUHDQG
VRIWZDUH VXEV\VWHPDUHDV)RU WKH%DVVPRGHO DGRSWLRQ UDWH
SURMHFWLRQ WKH PDUNHW VL]H ZDV HVWLPDWHG WR EH  RI WKH
86SRSXODWLRQZKRDUHDFWLYHKHDOWKWUDFNHUV7KHLQQRYDWRU
DQG LPLWDWRU SDUDPHWHUV ZHUH FDOFXODWHG XVLQJ LQIRUPDWLRQ
IURP DQDORJRXV SURGXFWV VXFK DV FHOOXODU SKRQH KRPH 3&
DQGXOWUDVRXQGLPDJLQJ7KH%DVVPRGHOVKRZHGWKHPDUNHW
SHDNLQJDWHLJKWDQGVDWXUDWLQJLQILIWHHQ\HDUV

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
7KH:RUOG+HDOWK2UJDQL]DWLRQUHSRUWVLQDQ$XJXVW
IDFWVKHHW WKDW ZRUOGZLGH REHVLW\ KDV QHDUO\ GRXEOHG VLQFH
  RI DGXOWV DJHG  DQG RYHU ZHUH RYHUZHLJKW LQ
 DQG FODVVLILHV REHVLW\ DV SUHYHQWDEOH >@ 7KH &HQWHUV
IRU 'LVHDVH 3UHYHQWLRQ DQG &RQWURO &'& UHSRUWV LQ 
  RI DGXOWVZHUHREHVH DQG RYHUZHLJKW >@
&OHDUO\WKHUHLVDSUHYDOHQWSUREOHP:LWKZLGHO\FLUFXODWHG
LQIRUPDWLRQ RQ WKH KHDOWK LPSDFW RI EHLQJ RYHUZHLJKW DQG
WKHVH VWDJJHULQJ VWDWLVWLFV LQGLYLGXDOV DUH EHJLQQLQJ WR SD\
PRUH DWWHQWLRQ WR GLHW DQG SK\VLFDO DFWLYLW\ WKDW DUH
LQVWUXPHQWDOWRPDLQWDLQLQJZHLJKW
7HFKQRORJ\ FDQ SOD\ D XVHIXO UROH LQ VROYLQJ LQ WKLV
KHDOWKFDUH SUREOHP :H KDYH XVHG VHQVRUV IRU YDULRXV
DSSOLFDWLRQV EXW UHVHDUFK LQ WKHVH WHFKQRORJLHV KDYH EHHQ
SUHGRPLQDQWO\IRUDSSOLFDWLRQVLQWKHDUHDVRIH[SHQVLYHDQG
FRPSOH[ WR XVH PHGLFDO ILQDQFLDO DQG GHIHQVH VHFXULW\
V\VWHPV IRU HJ XOWUDVRXQG LPDJLQJ FRXQWHUIHLW GHWHFWLRQ
DQG H[SORVLYH GHWHFWLRQ +RZHYHU ZLWK UHFHQW DGYDQFHV LQ
WHFKQRORJLHVZHDUHDEOHWRQRZPDQXIDFWXUH0LFUR(OHFWUR
0HFKDQLFDO6\VWHPV 0(06 DQG 2SWLFDO VHQVRUV DW ORZHU
FRVWV DQG PDNH WKHVH DIIRUGDEOH WR WKH JHQHUDO SXEOLF 7KLV
KDV OHG WR D QHZ UHDOP RI GHYLFHV JHQHUDOO\ UHIHUUHG WR DV
ZHDUDEOH WHFKQRORJ\ WKDW LV WDUJHWHG WRZDUGV D P\ULDG RI
XVHUVDQGELRPHWULFDSSOLFDWLRQV
7KLVUHVHDUFKVWXG\LVPHDQWWRLGHQWLI\WKHEHVWDSSURDFK
IRU WHFKQRORJ\ IRUHFDVWLQJ IRU DFWLYLW\ RU ILWQHVV WUDFNHUV
ZKLFK LVRQHFODVVRIZHDUDEOHGHYLFHV)LWQHVV WUDFNHUV FDQ
EHXVHGWRWUDFNSK\VLFDODFWLYLW\DQGDLGLQKHDOWKDQGZHLJKW
PDQDJHPHQW 7KH VSHFLILF IRUHFDVWLQJ TXHVWLRQV EHLQJ
UHVHDUFKHGDUH  WKHZLQGRZRIRSSRUWXQLW\ LQ WKHPDUNHW
IRU WKLV WHFKQRORJ\ DQG  WKH VSHFLILF WHFKQRORJ\
FRPSRQHQW WKDW ZRXOG PD[LPL]H WKH UHWXUQ RQ WKH
LQYHVWPHQW 7KH UHVHDUFK ZLOO EH KHOSIXO WR GHULYH 5	'
EXGJHWIRUILWQHVVWUDFNHUV

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
A. Technology overview 
:HDUDEOHGHYLFHDVGHILQHGLQWKLVSDSHULVDGHYLFHWKDWLV
ZRUQ RQ WKH SHUVRQ )LWQHVV WUDFNHUV DUH D VSHFLILF FODVV RI
ZHDUDEOHGHYLFHVWKDWLVXVHGWRWUDFNSK\VLFDODFWLYLWLHVRIDQ
LQGLYLGXDO WKURXJKRXW WKH GD\ DQG QLJKW $ KLJK OHYHO
DUFKLWHFWXUH GLDJUDP LV VKRZQ LQ )LJXUH  )LWQHVV WUDFNHUV
FRPH SUHGRPLQDQWO\ LQ WZR IRUP IDFWRUV  ILWQHVV EDQGV
RUPRUHUHFHQWO\DUHLQFRUSRUDWHGLQWR6PDUWZDWFKHV
7KH FRUH HOHFWURQLF FRPSRQHQWV RI D ZHDUDEOH GHYLFH
LQFOXGH EDWWHU\ D YDULHW\ RI VHQVRUV PHPRU\ D V\VWHP
FRQWUROOHU DQG ZLUHOHVV FRQQHFWLYLW\ 7KH VHQVRU W\SHV LQ
ZHDUDEOH GHYLFHV FDQ YDU\ VLJQLILFDQWO\ IRU HJ
DFFHOHURPHWHU WHPSHUDWXUH VHQVRU JDOYDQLF VNLQ UHVSRQVH
SLH]RHOHFWULFSLH]RUHVLVWLYH VHQVRUV >@ $X[LOLDU\
FRPSRQHQWVLQFOXGHDGLVSOD\7HUWLDU\FRPSRQHQWVZRXOGEH
DGGLWLRQDO VPDUW FRPSRQHQWV VXFK DV FDPHUD PLFURSKRQH
HWF 7KH SULPDU\ FKDOOHQJH WKDW WKH GHYLFH GHVLJQHUV IDFH LV
KRZWRPD[LPL]HIXQFWLRQDOLW\DQGVL]H:LWKWKHVLJQLILFDQW
DGYDQFHVPDGH LQ0(06>@DQGVHPLFRQGXFWRU IDEULFDWLRQ
WHFKQRORJLHVZHKDYHEHHQDEOH WR LQFUHDVH WKHGHQVLW\ DQG
GLYHUVLW\ RI VHQVRUV DQG WKH RWKHU FRQWUROOHUV RQ ZHDUDEOH
GHYLFHV 6WULGHV LQ SRO\PHULF PDWHULDOV DUH IXUWKHU HQDEOLQJ
GHYHORSLQJ WKHVH DV IOH[LEOH GHYLFHV >@ $GYDQFHG V\VWHPV
DUH EHLQJ EXLOW WR PHDVXUH HOHFWULFDO DQG PHFKDQLFDO VLJQDOV
XVLQJ RUJDQLFLQRUJDQLF PDWUL[ DUUD\V K\EULG FRPSRVLWHV
JUDSKHQH DQG QDQRZLUHV RU QDQRDVVHPEOLHV LQWHJUDWHG RQ
IOH[LEOHVXEVWUDWHV
7KH LQIRUPDWLRQ FROOHFWHG IURP WKH ZHDUDEOH GHYLFH LV
XSORDGHG XSRQ GHPDQG DQG SRVVLEO\ OLYH LQWR WKH FORXG
ZKHUH WKHGDWD LVDQDO\]HGDQGVXPPDUL]HG LQWRPHDQLQJIXO
LQIRUPDWLRQ WKDW LV UHWXUQHG WR WKHXVHU2QERDUGHOHFWURQLFV
FDQ DOVR VWRUH DQG DFW XSRQ LQIRUPDWLRQ EHWZHHQ GDWD
XSORDGV 7KH GDWD JHQHUDWHG FDQ EH FODVVLILHG DV %LJ 'DWD
EDVHGXSRQWKHYROXPHYHORFLW\YDULHW\DQGYHUDFLW\6WULGHV
LQ WKH DUHD RI SUHGLFWLYH GDWD DQDO\WLFV DQG WKH FORXG
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DUFKLWHFWXUH FDQ DOVR EH DSSOLHG WR ILWQHVV WUDFNLQJ GDWD DQG
HQDEOHVWKHXVHUWRUHFHLYHUHDOWLPHLQIRUPDWLRQWKDWFDQDLG
LQ SURDFWLYH KHDOWKFDUH PDQDJHPHQW +RZHYHU WKH
DSSOLFDWLRQRIELJGDWDWHFKQLTXHVRQSHUVRQDOKHDOWKFDUHGDWD
DOVREULQJVQHZFKDOOHQJHVLQWKLVDUHDVXFKDVGDWDIRUPDWV
FRPPXQLFDWLRQDQGVWRUDJHPDQDJHPHQW7KLVZLOOGULYHQHZ
VWDQGDUGVRQKRZWKHGDWDLVFROOHFWHGVKDUHGDQGVHFXUHGRQ
ZHDUDEOHGHYLFHV>@
7KHQH[WPDMRUFRPSRQHQWLQWKLVWHFKQRORJ\LVWKHIRUP
IDFWRU :KLOH ZHDUDEOH GHVLJQ LV W\SLFDOO\ FRQVLGHUHG WKH
DUHQD RI IDVKLRQ GHVLJQHUV WKLV VSHFLILF WHFKQRORJ\ UHTXLUHV
VWURQJ DWWHQWLRQ WR IRUP IDFWRU DV LW QHHGV WR EH VRPHWKLQJ
WKDW D SHUVRQ ZDQWV WR ZHDU HYHU\ GD\ 7KLV UHTXLUHV WKH
GHILQLWLRQ RI NH\ SDUDPHWHUV >@ IRU ZHDUDELOLW\ DQG VWURQJ
FROODERUDWLRQ EHWZHHQ WHFKQRORJLVWV DQG FORWKHVDFFHVVRU\
GHVLJQHUV 7KH IRUP IDFWRU LV DOVR FRPSOLFDWHG E\ WKH LGHDO
ORFDWLRQRQ WKHERG\ IRU FROOHFWLQJELRPHWULF LQIRUPDWLRQDV
VKRZQE\WKHJUDSKLFLQ$SSHQGL[%6HFWLRQ

)LJXUH:HDUDEOH'HYLFH)LWQHVV7UDFNHU$UFKLWHFWXUH

B. Market overview 
$FFRUGLQJ WR D VWXG\ SXEOLVKHG E\ WKH &RQVXPHU
(OHFWURQLFV $VVRFLDWLRQ >@ LQWHUHVW LQ SXUFKDVLQJ ZHDUDEOH
ILWQHVVGHYLFHVTXDGUXSOHGIURPLQWRLQ
)LWQHVV WUDFNHUV DUH DQ HPHUJLQJ WHFKQRORJ\ PDUNHW
KDYLQJ VWDUWHG WR VKRZ XS LQ  2YHUDOO WKH WHFKQRORJ\
PDWXULW\ OHYHO LV LQ WKH /DWH ,QQRYDWRUV RU (DUO\ $GRSWHUV
SKDVH DV VKRZQ LQ $SSHQGL[ % 6HFWLRQ  $%, UHVHDUFK
UHSRUWVWKDWLQ4DFWLYLW\WUDFNHUVFRQWLQXHVWRKDYHD
OHDGRYHUWKHVPDUWZDWFKHVWKDWKDYHUHFHQWO\VWDUWHGVKRZLQJ
XS LQ WKHPDUNHW DVZHOO LQ WKH UDQNLQJ DQG VKLSPHQW
YROXPHIRULVVXPPDUL]HGLQ7DEOH>@6RPHVDPSOH
ILWQHVVWUDFNHUVDUHVKRZQLQ$SSHQGL[%6HFWLRQ

7$%/(5$1.,1*$1'6+,30(1792/80()254>@
$FWLYLW\ 7UDFNHU
9HQGRU
4 
5DQN 6PDUWZDWFK9HQGRU
4 
5DQN
)LWELW  6DPVXQJ 
*DUPLQ  6RQ\ 
1LNH  3HEEOH 
-DZERQH  &DVLR 
7RWDO8QLWV6KLSSHG  7RWDO8QLWV6KLSSHG 

&&6 ,QVLJKW SUHGLFWV WKH VKLSPHQWV RI ZHDUDEOH
WHFKQRORJ\ GHYLFHV ZLOO KLW  PLOOLRQ E\ HQG RI  DQG
IRUHFDVWV WR UHDFK  PLOOLRQ E\  2I WKH  PLOOLRQ
VDOHVPLOOLRQZLOOEH6PDUWZDWFKGHYLFHVDQGPLOOLRQ
ILWQHVV WUDFNHUV >@ $Q ,+6 (OHFWURQLFV DQG 0HGLD
:KLWHSDSHU IURP 6HSWHPEHU  SUHGLFWV ZHDUDEOH
WHFKQRORJ\ WR FOLPE IURP DERXW 86 0LOOLRQ UHYHQXH
IRUHFDVWLQWRDERXW860LOOLRQLQDQG86
0LOOLRQRQWKHXSVLGH>@

,,,0(7+2'2/2*<

A. Forecasting Technique  
&XUUHQWIRUHFDVWLQJPHWKRGVDQGWKHLUDSSOLFDELOLW\WRWKH
VWXG\ DUH DGGUHVVHG LQ WKLV VHFWLRQ 7KH VWXG\ LV WR LGHQWLI\
QHZ SURGXFWV ZLWK HPHUJLQJ WHFKQRORJLHV DQG WKHLU PDUNHW
RSSRUWXQLWLHV7RDGGUHVVWKHIRUHFDVWLQJTXHVWLRQVWKHVWXG\
UHTXLUHG UHVHDUFK LQWR WZR EUDQFKHV RI WHFKQRORJ\
IRUHFDVWLQJ  7HFKQRORJ\ URDGPDS DQG  0DUNHW
$GRSWLRQ ,Q WKLV VWXG\ 75,= LV XVHG WR LGHQWLI\ SRWHQWLDO
IXWXUH SURGXFWV IRU WHFKQRORJ\ URDGPDS DQG %DVV DGRSWLRQ
PRGHOLVVHOHFWHGWRSURMHFWPDUNHWJURZWKRIWKHSURGXFWV
$OLWHUDWXUHUHYLHZZDVFRQGXFWHG LQERWKDUHDV WRVHOHFW
WKH LGHDO PHWKRG DQG WHFKQLTXH WR DSSO\ WR HDFK DUHD >@
>@,QRUGHUWRVHOHFWWKHPHWKRGWKHUHOHYDQWGDWDDYDLODEOH
RQZHDUDEOHWHFKQRORJ\ZDVDQDO\]HGDORQJZLWKWKHVSHFLILF
IRUHFDVWLQJIRFXV:HDUDEOH WHFKQRORJ\ LVDQHPHUJLQJDUHD
ZLWKOLWWOHKLVWRULFDOVDOHVDQGWHFKQRORJ\SDUDPHWULFGDWDEXW
GRHV KDYH DQDORJRXV SURGXFWV WKDW KDYH EHHQ LQ WKH PDUNHW
IRU VHYHUDO \HDUV 7KH WHFKQRORJ\ FRPSULVHV YDULRXV VXE
FRPSRQHQWV HDFK ZLWK LWV RZQ KLVWRU\ LQ WHFKQRORJ\ VR ZH
QHHGDURDGPDSSLQJWHFKQLTXHWKDWZLOOEHDEOHWRORRNDWWKH
V\VWHPKROLVWLFDOO\
3ODQQLQJ IRU WHFKQRORJ\ URDGPDSSLQJ SRVHG D ELJJHU
FKDOOHQJH EHWZHHQ WKH YDULRXV VWURQJ FDQGLGDWH WHFKQLTXHV
VXFK DV 7HFKQRORJ\ )RUHFDVWLQJ XVLQJ 'DWD (QYHORSPHQW
$QDO\VLV 7)'($ 5HJUHVVLRQ 'HOSKL +LHUDUFKLFDO
'HFLVLRQ 0DNLQJ +'0 $QDORJ\ 0RGHOLQJ 0RUSKRORJ\
$QDO\VLV %LEOLRPHWULFV3DWHQW $QDO\VLV DQG 7KHRU\ RI
,QYHQWLYH3UREOHP6ROYLQJ75,=*LYHQWKDWWKHWHFKQRORJ\
FRPSRQHQWV LV FRPSOH[ DQG KLJKO\ LQWHJUDWHG DQG WKHUH LV
OLWWOHKLVWRULFDOGDWDUHJUHVVLRQDQG7)'($WHFKQLTXHVZHUH
QRW JRRG FKRLFHV IRU WKLV SURMHFW 75,= VKRZHG EHWWHU
SURPLVHWKDQ'HOSKLDQG+'0JLYHQWKHFRPSOH[DQDO\WLFDO
FDSDELOLW\UHTXLUHGIRUVXEFRPSRQHQWVLQDVKRUWWLPHIUDPH
75,= LV DQ HVWDEOLVKHG PHWKRG RULJLQDOO\ GHYHORSHG E\ WKH
6RYLHW LQYHQWRU *HQULFK $OWVKXOOHU VWDUWLQJ LQ  WR
DQDO\]H WHFKQRORJ\ WUHQGV >@ DQG LQFRUSRUDWHV DVSHFWV RI
WKH SDWHQW DQDO\VLV PHWKRG DV ZHOO >@ DQG KHQFH LW ZDV
FKRVHQ
75,= LV EDVHG XSRQ WKUHH EDVLF SULQFLSOHV  SUREOHPV
DQG VROXWLRQV DUH UHSHDWHG DFURVV VFLHQFHV  SDWWHUQV RI
VROXWLRQ HYROXWLRQ DUH UHSHDWHG DFURVV VFLHQFHV DQG 
LQQRYDWLRQV XVHG VFLHQWLILF FRQFHSWV RXWVLGH WKH ILHOGV LQ
ZKLFK WKH\ ZHUH GHYHORSHG $OWVKXOOHU LQ KLV UROH ZLWK WKH
6RYLHW 1DY\ RI LQLWLDWLQJ LQYHQWLRQ SURSRVDOV FDPH XS WKH
ILQGLQJWKDWLQYHQWLYHVROXWLRQVZHUHGHYHORSHGLQWKHFRQWH[W
RI DQ XQUHVROYHG FRQWUDGLFWLRQ ZKHQ WKH VLWXDWLRQ IDFHG E\
WKH LQYHQWRUPHDQW WKDW LPSURYLQJRQHSDUDPHWHUQHJDWLYHO\
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LPSDFWV DQRWKHU SDUDPHWHU LQ WKH V\VWHP LGHQWLILHG DV
WHFKQLFDO FRQWUDGLFWLRQV LQ KLV VWXG\ +H VWDUWHG VWXG\LQJ
SDWHQWV DQG DIWHU D VWXG\ RI RYHU  SDWHQW DEVWUDFWV
GHYHORSHGWKHFRQFHSWRILGHDOLW\DQGFRPSRVHGDFROOHFWLRQ
RI WUHQGV RI WHFKQLFDO HYROXWLRQ IRU YDULRXV VHJPHQWV D
FRQWUDGLFWLRQ PDWUL[  LQYHQWLYH SULQFLSOHV DQG VWDQGDUG
VROXWLRQV7KLVFROOHFWLRQRILQIRUPDWLRQSURYLGHVDQLQYHQWRU
ZLWKDQDOJRULWKPLFDSSURDFKWRHLWKHULQYHQWQHZV\VWHPVRU
UHILQHH[LVWLQJV\VWHPVWRVROYHWKHSUREOHPWKDWKHRUVKHLV
IDFLQJ 7KH WUHQGV RI WHFKQLFDO HYROXWLRQ DND WKH ODZV RI
WHFKQLFDO V\VWHPV HYROXWLRQ XVHG WR KDYH HLJKW WUHQGV EXW
WKH\ KDYH EHHQ H[WHQGHG ODWHU E\ PDQ\ UHVHDUFKHUV 7KH
RULJLQDOWUHQGVLQFOXGHx (YROXWLRQWRZDUGLQFUHDVHG,GHDOLW\x 6WDJHVRIHYROXWLRQRIWHFKQRORJ\x 1RQXQLIRUPGHYHORSPHQWRIV\VWHPHOHPHQWVx (YROXWLRQWRZDUGLQFUHDVHGG\QDPLVPDQGFRQWUROODELOLW\x ,QFUHDVHGFRPSOH[LW\WKHQVLPSOLILFDWLRQx (YROXWLRQZLWKPDWFKLQJDQGPLVPDWFKLQJHOHPHQWVx (YROXWLRQWRZDUGPLFUROHYHODQGLQFUHDVHGXVHRIILHOGVx (YROXWLRQWRZDUGGHFUHDVHGKXPDQLQYROYHPHQW

'DUUHOO 0DQQ ZDV RQH RI WKH 75,= H[SHUWV ZKR VWXGLHG
DQGH[WHQGHGWKHRULJLQDOHLJKWWUHQGV+HH[WHQGHGWKHOLVWWR
RYHUWUHQGVDQG³6SDFH6HJPHQWDWLRQ´LOOXVWUDWHGLQ)LJXUH
LVRQHRIWKHP$VXPPDU\RIWKHV\VWHPHYROXWLRQWUHQGV
EDVHGXSRQ'DUUHOO0DQQ¶VZRUNZDVUHIHUHQFHGLQWKLVVWXG\
>@
75,=LVIXQGDPHQWDOO\EDVHGXSRQWKHFRQFHSWRILGHDOLW\
DV VKRZQ LQ )LJXUH  DOWKRXJK LQ DFWXDOLW\ WKH ,GHDO )LQDO
5HVXOW ZLOO FRQVWDQWO\ PRYH DKHDG RYHU WLPH DQG QRW
WKHRUHWLFDOO\DFKLHYDEOH7KHFRQFHSWRIDQHYROXWLRQDU\WUHQG
XVLQJWKHVSDFHVHJPHQWDVDQH[DPSOHLVVKRZQLQ)LJXUH

)LJXUH6\VWHP(YROXWLRQDQG,GHDO)LQDO5HVXOW

)LJXUH6\VWHP(YROXWLRQ7UHQGIRU6SDFH6HJPHQWDWLRQ
7KHUH DUH IRUW\ LQYHQWLYH SULQFLSOHV GHULYHG IURP 3DWHQW
$QDO\VLV >@ 6ROXWLRQ JHQHUDWLRQ PHWKRGV DUH DOVR ZHOO
GRFXPHQWHG>@$QH[WHQVLRQRI75,=DQGLWVFRPPRQDOLW\
ZLWK WKH 7KHRU\ RI &RQVWUDLQWV ZLWK UHVSHFW WR DGGUHVVLQJ
FRQWUDGLFWLRQV ZDV UHVHDUFKHG WKLV LV DQ DUHD IRU SRWHQWLDO
IXWXUHH[WHQVLRQRQWKLVUHVHDUFKWRSLF>@
)RU PDUNHW DGRSWLRQ IRUHFDVWLQJ PRGHOLQJ DQG OHDGLQJ
LQGLFDWRU PRGHOV VXFK DV *URZWK &XUYHV 3HDUO *RPSHUW]
)LVKHU3U\ /RWND9ROWHUUD DQG %DVV 0RGHOV ZHUH
FRQVLGHUHG 2I WKHVH %DVV PRGHO >@ ZDV FKRVHQ EDVHG
XSRQ WZR PDLQ FRQVLGHUDWLRQV  LQQRYDWRU DQG LPLWDWRU
SDUDPHWHUV IRU DQDORJRXV SURGXFWV DUH DYDLODEOH DQG 
PDUNHW VL]H LV DYDLODEOH IURP VWXGLHV LQVWLWXWHG E\ UHSXWDEOH
RUJDQL]DWLRQV VXFK DV WKH 86 &HQVXV >@ &'& DQG 3HZ
UHVHDUFKDJHQFLHV>@
7KH %DVV 0RGHO LV D PDWKHPDWLFDO GHULYDWLRQ IRU WKH
GLIIXVLRQRIDSURGXFWRULQQRYDWLRQLQWKHPDUNHWRYHUWLPH
,W LV EDVHG XSRQ WKUHH NH\ SDUDPHWHUV  WKH WRWDO PDUNHW
VL]H IRU WKH SURGXFW  D SUREDELOLVWLF TXDQWLILFDWLRQ RI
LQQRYDWRUV LQ WKH PDUNHW DQG  D SUREDELOLVWLF
TXDQWLILFDWLRQ RI LPLWDWRUV LQ WKH PDUNHW 7KH PRGHO ZDV
GHYHORSHG E\ )UDQN 0 %DVV RULJLQDOO\ LQ  7KH
LQQRYDWRUV LQ WKH PDUNHW WHQG WRKROG DW D VWHDG\ OHYHO RYHU
WKH\HDUVDQGGRQRW IOXFWXDWHPXFK2Q WKHRWKHUKDQG WKH
LPLWDWRUV LQ WKHPDUNHWJURZEDVHGXSRQ WKHZRUGRIPRXWK
UHIHUHQFHV HLWKHU WKURXJK PHGLD RU EDVHG XSRQ UHIHUHQFHV
IURPRWKHUXVHUV7KHLPLWDWRUVSOD\DVLJQLILFDQWIDFWRULQWKH
7HFKQRORJ\$GRSWLRQOLIHF\FOHVKRZQLQ$SSHQGL[%
$JRRGFDWDORJRI%DVV0RGHOSDUDPHWHUV IRU DQDORJRXV
SURGXFWV LV DYDLODEOH >@  *LYHQ WKDW WKH ZHDUDEOH
WHFKQRORJ\ KDV VRPH FRPPRQDOLW\ ZLWK D QRQLQWUXVLYH
PHGLFDO PRQLWRULQJ V\VWHP WKH %DVV PRGHO SDUDPHWHUV IRU
XOWUDVRXQG PRQLWRU ZDV DGGHG >@ 7KH )UDQN %DVV
PHWKRGRORJ\DSSOLHGWRDQHZSURGXFWLQWRWKHPDUNHWSODFH
LVDGRSWHGIURPD+DUYDUG%XVLQHVV6FKRROFDVHVWXG\>@

B. Model Development 
3ULRU WR PRGHOLQJ D KLJKOHYHO DVVHVVPHQW RI WKH
WHFKQRORJ\ ZDV SHUIRUPHG XVLQJ D 6WUHQJWKV:HDNQHVV
2SSRUWXQLWLHV7KUHDW6:27DQDO\VLV
6RIWZDUH
+DUGZDUH
)RUPIDFWRU
)LJXUH)LWQHVV7UDFNHU6\VWHP6XEV\VWHPV

)RU WKH 75,= PRGHO DSSOLFDWLRQ D FORVH VWXG\ RI WKH
WHFKQRORJ\RIILWQHVVWUDFNHUGHYLFHDVVXPPDUL]HGLQ6HFWLRQ
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ZDVFRQGXFWHGWRLGHQWLI\WKHNH\WUHQGVWKDWDUHUHOHYDQW
WR WKLV WHFKQRORJ\ 7KH ILWQHVV WUDFNHU V\VWHP ZDV GLYLGHG
LQWRVXEV\VWHPVDVVKRZQLQ)LJXUH
2IWKHWKLUW\75,=HYROXWLRQWUHQGVWHQZHUHIRXQGWREH
DSSOLFDEOH WR ILWQHVV WUDFNHUV7KH UHOHYDQW WHQFULWLFDO75,=
WHFKQRORJ\ WUHQGV ZHUH PDSSHG LQWR WKH ILWQHVV WUDFNHU
VXEV\VWHPV 7KH PDSSLQJ RI WKH 6XEV\VWHPV DQG WUHQGV DUH
VKRZQLQ7DEOH

7$%/(),71(6675$&.(56<67(068%6<67(06$1'
6XEV\VWHP 75,=6\VWHP(YROXWLRQ7UHQG
+DUGZDUH
5HGXFLQJ(QHUJ\FRQYHUVLRQV
0RQR%L3RO\9DULRXV
:HEVDQG)LEHUV
'\QDPL]DWLRQ
6RIWZDUH
0DUNHW(YROXWLRQ
%RXQGDU\EUHDNGRZQ
0RQR%L3RO\,QFUHDVLQJGLIIHUHQFHV
)RUP)DFWRU
,QFUHDVHGXVHRIFRORU
,QFUHDVHGXVHRIVHQVHV
&XVWRPHU3XUFKDVH)RFXV

(DFK WUHQG VHJPHQW ZDV WKHQ LQGLYLGXDOO\ VFRUHG RQ D
QRUPDOL]HGVFRUHRIEDVHGXSRQDQDVVHVVPHQWRI WKHLU
FXUUHQW SRVLWLRQRQ WKH WUHQG 7KH VFRUHVZHUH WKHQ PDSSHG
LQWR UDGDU SORW WR YLVXDOL]H WKH PDWXULW\ OHYHO RI WKH
WHFKQRORJ\ZLWKUHVSHFWWRWKH,GHDO)LQDO6WDWH
)RUWKH%DVVPDUNHWGLIIXVLRQPRGHOLQJWKH*HQHULF%DVV
0RGHOHTXDWLRQVKRZQEHORZZDVXVHGܵሺݐሻ ൌ ݌ כ ሾ݉ െ ܰሺݐ െ 	 ?ሻሿ൅  ቀ ݉ݍ  כ ܰሺݐ െ 	 ?ሻ כ ሾ݉ െ ܰሺݐ െ 	 ?ሻሿቁ
:KHUH
S(t)LVWKHQHZDGRSWHUVGXULQJWLPHSHULRGW
N(t-1)LVWKHFXPXODWLYHDGRSWHUVXQWLOWKHSUHYLRXVWLPH
SHULRG
mLVWKHWRWDOPDUNHWVL]H
pLVWKHFRHIILFLHQWRILQQRYDWRUVDQG
qLVWKHFRHIILFLHQWRILPLWDWRUV

7KHWRWDOPDUNHWVL]HZDVEDVHGXSRQ86SRSXODWLRQ
DQG WKH SHUFHQW RI LQGLYLGXDOV ZKR DFWLYHO\ WUDFN WKHLU
SK\VLFDO DFWLYLW\ XVLQJ HLWKHU WHFKQLFDO RU QRQWHFKQLFDO
V\VWHPV $QDORJRXV SURGXFWV ZHUH LGHQWLILHG WR REWDLQ WKH
FRHIILFLHQWRILQQRYDWRUVDQGWKHFRHIILFLHQWRILPLWDWRUV

,9'$7$&2//(&7,21$1'5(68/76

A. SWOT 
7KH 6:27 DQDO\VLV IRU ILWQHVV WUDFNHU WHFKQRORJ\ LV
VKRZQLQ)LJXUH
7KH IDEULFDWLRQ PHWKRGRORJLHV KDYH PDGH VL]H RI WKH
GHYLFH VPDOO DQG IOH[LEOH DQG WKDW PDNHV D FRQYLQFLQJ FDVH
IRUXVHUVWRZHDUDQGDGDSWDEOHWRYDULRXVGHVLJQV7KHVHQVRU
WHFKQRORJLHV DUH HQDEOLQJ QRQLQWUXVLYH PHWKRGV WR PRQLWRU
SK\VLFDO DFWLYLW\ WKHUHE\ DJDLQ PDNLQJ LW HDVLHU IRU XVHUV WR
DGRSW WKH V\VWHP 7KH UDSLG DGYDQFHV LQ %LJ 'DWD DQDO\WLFV
DQG WKH &ORXG LQIUDVWUXFWXUH DUH DOVR PDMRU VWUHQJWKV
+RZHYHU WKH V\VWHPV LQ WKH PDUNHW WRGD\ VXIIHU IURP
YDU\LQJ GHJUHHV RI DFFXUDF\ %DWWHU\ OLIH ZKLFK LV D PDMRU
XVHULQIOXHQFLQJIDFWRUDOVRLVDFKDOOHQJHDQGWKHPHDQWLPH
EHWZHHQFKDUJLQJYDULHVEHWZHHQSURGXFWV7HFKQRORJLVWVDUH
QRWQHFHVVDULO\XVHUGHVLJQDQG IDVKLRQVDYY\ IRU WKHSXEOLF
DQGKHQFHWKHUHIHUHQFHGHVLJQVDUHVWLOOHYROYLQJ*LYHQWKDQ
WKHWHFKQRORJ\DQGLQGXVWU\LVLQLWVLQIDQF\WKHRSSRUWXQLW\
H[LVWV WR HVWDEOLVK D VWURQJ OHDGHUVKLS SRVLWLRQ 7HFKQRORJ\
GHYHORSPHQWVLQWKHDUHDRISRO\PHULFPDWHULDOVDUHHQDEOLQJ
QHZHU VHQVRUV WR HQDEOH EHWWHU DFFXUDF\ :H KDYH WKH
RSSRUWXQLW\WRHVWDEOLVKVRPHJRRGLQWHJUDWLRQVWDQGDUGVQRW
RQO\ EHWZHHQ WKH VHQVRUV WKDW FRXOG EH ORFDWHG DW GLIIHUHQW
SRVLWLRQVRQ WKHERG\EXWDOVRZLWK WKHFORXG LQIUDVWUXFWXUH
LQ WHUPV RI VHFXULW\ DQG SULYDF\ $V WKH GDWD FROOHFWHG
FRQWLQXHV WR JURZ WKHUH ZLOO EH WKH RSSRUWXQLW\ WR GHYHORS


)LJXUH6:27$QDO\VLVIRU)LWQHVV7UDFNHU
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10%
10%
10%
10%
10%
10%
10%
5HGXFLQJ(QHUJ\
&RQYHUVLRQV
0RQR%L3RO\9DULRXV
:HEVDQG)LEUHV'\QDPL]DWLRQ
0DUNHW(YROXWLRQ
%RXQGDU\
%UHDNGRZQ
0RQR%L3RO\
,QFUHDVLQJ'LIIHUHQFHV
,QFUHDVHGXVHRIFRORXU ,QFUHDVHGXVHRIVHQVHV
100 Evolution
&XVWRPHU3XUFKDVH)RFXV
)LJXUH5DGDU3ORWIRUWKH75,=$QDO\VLVRI)LWQHVV7UDFNHU7HFKQRORJ\

DQG PDUNHW KHDOWKFDUH DQDO\VLV DV D VHUYLFH 7KH PDLQ
FKDOOHQJH LV WKH FRPSHWLWLRQ ZLWK RYHU  YHQGRUV LQ WKLV
PDUNHWFXUUHQWO\$ OLWLJDWLRQFDVH IURPD&DOJDU\ ODZ
ILUPLVWKHILUVWRILWVNLQGXVLQJGDWDIURPWKH)LWELWEDQGLQD
SHUVRQDO LQMXU\ FDVH WKLV EULQJV XS WKH TXHVWLRQ RQ WKH
SULYDF\ ODZV DSSOLFDELOLW\ WR WKLV KHDOWKFDUH GDWD WKDW LV
WUDGLWLRQDOO\FRYHUHGE\UHJXODWLRQVVXFKDV+HDOWK,QVXUDQFH
3RUWDELOLW\DQG$FFRXQWDELOLW\$FW+,3$$

B. TRIZ 
7KH LQIRUPDWLRQ IURP WKH6:27DQDO\VLV LQIOXHQFHG WKH
75,= DQDO\VLV 7KH TXDQWLILHG UHVXOWV RI WKH 75,= PRGHO
DSSOLFDWLRQ RQ ILWQHVV WUDFNHUV LV VKRZQ LQ $SSHQGL[ $
6HFWLRQ7KHUDGDUSORWEDVHGXSRQWKH75,=DVVHVVPHQWLV
VKRZQ LQ )LJXUH  7KH DYHUDJH VFRUHV RXW RI D PD[LPXP
SRVVLEOHYDOXH RI  IRU WKH WKUHH VXEV\VWHPV DUH VKRZQ LQ
7DEOH

7$%/($9(5$*(6&25()25),71(6675$&.(568%
6<67(06
6XEV\VWHP $YHUDJH6FRUH
+DUGZDUH 
6RIWZDUH 
)RUP)DFWRU 

7KHNH\REVHUYDWLRQIURPWKHUDGDUSORWUHVXOWVVKRZVWKDW
WKH WHFKQRORJ\ LV LQ DQ HPHUJLQJ VWDWH ZLWK TXLWH D ELW RI
JURZWKRSSRUWXQLW\DKHDG7KHVXPPDUL]HGVFRUHVVKRZWKDW
KDUGZDUHLVOLNHO\WKHVXEV\VWHPWKDWZLOOUHTXLUHWKHFORVHVW
DWWHQWLRQ LQ WHUPV RI WHFKQRORJ\ GHYHORSPHQW IROORZHG E\
VRIWZDUHDQGWKHQIRUPIDFWRU

C. Bass Market Diffusion Model 
7KH DQDORJRXV SURGXFWV¶ GDWD ZDV XVHG WR GHULYH WKH
FRHIILFLHQWV RI LQQRYDWRUV DQG LPLWDWRUV IRU ILWQHVV WUDFNHUV
WKH GHWDLOV RI WKH FDOFXODWLRQ DUH VKRZQ LQ $SSHQGL[ $
6HFWLRQ7KHYDOXHVXVHG LQ WKH%DVV0RGHO DUH VKRZQ LQ
7DEOHEHORZ

7$%/(%$6602'(/3$5$0(7(56
3DUDPHWHUV 9DOXHV
3RSXODWLRQ0LOOLRQV 
$FWLYHWUDFNHUV 
PPLOOLRQV 
S 
T 

7KHWDEXODUGHWDLOHGUHVXOWVRIWKH%DVV0RGHOLVVKRZQLQ
$SSHQGL[$6HFWLRQ7KHPDUNHWSHQHWUDWLRQDQGDGRSWLRQ
UDWHJUDSKVDUHVKRZQLQ)LJXUHZLWKWKH;D[LVEHLQJ\HDUV
DQG<D[LVEHLQJWKHSHUFHQWRIPDUNHWVL]H
 
)LJXUH0DUNHW'LIIXVLRQ0RGHOIRU)LWQHVV7UDFNHU7HFKQRORJ\
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

7KHUHVXOWVVKRZWKDWWKHDGRSWLRQUDWHSHDNVDW\HDUDQG
WKH PDUNHW VDWXUDWHV DIWHU \HDU 7KLV LQGLFDWHV WKDW WKH
ZLQGRZ RI RSSRUWXQLW\ LV UHODWLYHO\ VPDOO IRU UHVHDUFK DQG
GHYHORSPHQWRQWKLVWHFKQRORJ\

9&21&/86,21

7KH 75,= PRGHOLQJ PHWKRG SURYLGHG VSHFLILF DUHDV RI
WHFKQRORJ\DQGSRWHQWLDO VROXWLRQ WUHQGV$VDQH[WVWHS WKH
DUHDVFDQEHSULRULWL]HGXVLQJ'HOSKLPHWKRGRORJ\ZKLFKZLOO
WKHQGULYHWKHVSHFLILFDUHDVWKDWWKHWHFKQRORJLVWVFDQWDUJHW
IRUIXUWKHUGHYHORSPHQW
7KH %DVV 'LIIXVLRQ PRGHO UHIOHFWV WKH KLJK LPSDFW RI
LPLWDWRUVRQ WKHDGRSWLRQPRGHORYHU WKH LQQRYDWRUV VLPLODU
WR WKRVH RI FHOOXODU SKRQH DQG XOWUDVRXQG LPDJLQJ 7KH
DGRSWLRQUDWHSHDNVTXLFNO\DQGWKHUHE\WKHPDUNHWVDWXUDWHV
LQDVSDQRIDERXW\HDUV
,QVXPPDU\WKHUHVHDUFKZDVDJRRGGHPRQVWUDWLRQRIWKH
XVHIXOQHVVRIERWK WKH75,=DQG%DVV IRUHFDVWLQJPRGHOV LQ
GHYHORSLQJ WHFKQRORJ\ 5	' VWUDWHJ\ 3XWWLQJ WRJHWKHU WKH
ILQGLQJV IURP WKH DSSOLFDWLRQ RI 75,= DQG %DVV PRGHOV WR
ILWQHVV WUDFNHUV LQGLFDWH WKDW WKHUH LV VLJQLILFDQW URRP IRU
JURZWKLQWKHWHFKQRORJ\VSHFLILFDOO\LQWKHDUHDVRIKDUGZDUH
DQG VRIWZDUH FRPSRQHQWV 7KH ZLQGRZ RI RSSRUWXQLW\ LV
UHODWLYHO\ VPDOO a \HDUV +RZHYHU WKHVH WHFKQRORJ\
DGYDQFHPHQWV DUH DOVR DSSOLFDEOH WR DGMDFHQWPDUNHWV LQ WKH
ZHDUDEOH WHFKQRORJ\ VSDFH VXFK DV DGYDQFHG KHDOWKFDUH
YLVLRQDXJPHQWHG UHDOLW\ DQGSHUFHSWLRQGHYLFHV+HQFH WKH
LQYHVWPHQWZLOOEHZRUWKWKHUHWXUQ7KHVWXG\ZDVDKROLVWLF
DSSURDFK WR WKH WHFKQRORJ\ IRUHFDVW SURYLGLQJ ERWK WKH
ZLQGRZRIPDUNHWRSSRUWXQLW\DQGVSHFLILFWHFKQRORJ\DUHDV
WR IRFXV 7KH 6:27 DQDO\VLV FDQ DOVR EH DSSOLHG ZKHQ
GHYHORSLQJ WKH EXVLQHVV VWUDWHJ\ DQRWKHU FULWLFDO DUHD RI
WHFKQRORJ\PDQDJHPHQW

9,)8785(:25.

7KHVWXG\FDQEHIXUWKHUH[WHQGHGE\DSSO\LQJ5HJUHVVLRQ
RU7)'($PRGHOV WR WKH VSHFLILF VHJPHQWVRI75,=PRGHO
7KLVZLOOIXUWKHUVWUHQJWKHQWKH75,=PRGHOLQJWHFKQLTXHE\
DGGLQJ D WLPH FRPSRQHQW WR WKH WHFKQRORJ\ HYROXWLRQ DQG
GHWHUPLQH UHDOLVWLF WDUJHWV WR DFKLHYH WKH LGHDO VWDWH RI
HYROXWLRQ RI WKH VHJPHQWV DQDO\]HG 7KLV LQIRUPDWLRQ FRXOG
EH XWLOL]HG ZKHQ SULRULWL]LQJ WKH WHFKQRORJ\ JURZWK IRFXV
DUHDVDQGGHYHORSLQJWKH5	'VWUDWHJ\
7KH DSSURDFK RQ KRZ D SHUVRQ QDYLJDWHV WKH V\VWHP
HYROXWLRQ WUHQG LQ WKH 75,= PRGHOZDUUDQWV VRPH DWWHQWLRQ
7KHUHDUHWZRDVSHFWVWRWKLVOLQHRITXHVWLRQLQJKRZZLOO
\RXNQRZWKHWHFKQRORJ\VHOHFWLRQVWKDW\RXDUHPDNLQJDUH
RQWKHULJKWSDWKWRZDUGVWKHHYROXWLRQDU\OLPLWDQGLQVRPH
FDVHV\RXPD\QRWEHDEOHWRSUHGLFWGLVUXSWLYHWHFKQRORJLHV
WKDWZRXOGEULQJDERXWWKHHYROXWLRQDU\OLPLWDQGZRXOG
DEHWWHUDSSURDFKEHWRLGHQWLI\DJRDODORQJWKHHYROXWLRQDU\
WUHQG DQG WKHQ ZRUN EDFNZDUGV WRZDUGV WKH FXUUHQW VWDWH WR
LGHQWLI\WKHLGHDOHYROXWLRQDU\SDWK
2QH RI WKH FKDOOHQJHV LQ WKH GLIIXVLRQ PRGHO LV WKH IDFW
WKDWWKHUHLVQRIDFWRULQJRIWKHLPSDFWRIFRPSHWLWLRQLQWKH
PRGHOSHUKDSVLQFUHDVLQJRUGHFUHDVLQJWKHSDFHRIHYROXWLRQ
DQG DGRSWLRQ 7KH PRGHO LV DVVXPLQJ WKH FRPSHWLWLRQ PL[
ZLOO UHPDLQVLPLODU WR WKHDQDORJRXVSURGXFWVRI WKHSDVW ,Q
UHDOLW\ KRZHYHU ZLWK LQFUHDVHG FRPSHWLWLRQ WKHUH LV D
SRVVLELOLW\ WKDW WKH HYROXWLRQ SDFH ZLOO EH IDVWHU WKDQ WKDW
SUHGLFWHG LQ WKHPRGHO7KLVDOVRUHIOHFWVZK\WKHUHDUHDOVR
RWKHU IDFWRUV WKDW DUH DSSOLHG WR WKH DUHD RI WHFKQRORJ\
IRUHFDVWLQJIRUHJVFHQDULRDQDO\VLV

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$33(1',;$'$7$7$%/(6

75,=PRGHOGDWDWDEOH
 
Subsytem Trend Evolution CurrentState
Score
(outof10) SolutionGenerationMethods
31.ReducingEnergy
conversions
etc.==>Threeenergyconversions==>
Twoenergyconversions==>Oneenergy
conversion==>Zeroenergyconversion
*BatteryChargingmechanisms
generallyvary3 ?7days
*Needstobeconnectedtocharge 4
(2h)Improvetheproperties/performanceofthesystemasawhole.
E.g.Allowbatterychargingremotely
17.Mono ?Bi ?Poly
(Various)
Mono ?system==>Bi ?system==>Tri ?
system==>Poly ?system
*Addingothersensorsbeyond
accelometerarebeginningto
emerge 3
(1b)MultiplytheObject(into2,3,...,infinity)
E.g.Add/Replacesensortechnologiesthatcanincreaseaccuracy
6.WebsandFibres
Homogeneoussheetstructure==>2D
regularmeshstructure==>3Dfibre,
alignmentaccordingtoloadconditions
==>Additionofactiveelements *Bandthatencirclesthewrist 4
(2f)Changethephase,utilizethephasechange,orchangetheinner ?structure
oftheObject.
E.g.Adetachabledevice,potentiallyadaptsasitisdetached
12.Dynamization
Immobilesystem==>Jointedsystem
==>Fullflexiblesystem==>Fluidor
pneumaticsystem==>Fieldbased
system *Displayislimitedtodevicescreen 2
(2d)Introduce/enhanceaspatialAttributeordistribute/varyinspacea
harmful/usefulAttributeorAttribute'svalue.
E.g.Addprojectiondisplay
24.MarketEvolution
Commodity==>Product==>Service
==>Experience=>Transformation *Soldasaproduct 4
(2h)Improvetheproperties/performanceofthesystemasawhole.
E.g.Improvethedataanalysisoffitnessdata
9.Boundarybreakdown
Manyboundaries==>Fewboundaries
==>Noboundaries *Functionsasfitnessband 3
(2d)Introduce/enhanceaspatialAttributeordistribute/varyinspacea
harmful/usefulAttributeorAttribute'svalue.
E.g.Combinenotifications,clock,fitnesstracking
18.Mono ?Bi ?Poly
(Increasingdifferences)
Similarcomponents==>Components
withbiasedcharacteristics==>
Componentplusnegativecomponent
==>Differentcomponents
*Currentfocusislimitedto
localizedfitnesstracking 3
(1b)MultiplytheObject(into2,3,...,infinity).
E.g.Enableintegrationwithhealthrecords
21.Increaseduseof
colour
Nouseofcolour(monochrome)==>
Binaryuseofcolour==>Useofvisible
spectrum==>Fullspectrumuseof
colour
*Mostdisplaysarestillbi ?
chromatric 5
(2d)Introduce/enhanceaspatialAttributeordistribute/varyinspacea
harmful/usefulAttributeorAttribute'svalue.
(3d)IntroduceanewFunctiontoassigntoanObject.
E.g.Addcolors
20.Increaseduseof
senses
1sense==>2senses==>3senses==>
4senses==>5senses
*Limitedinteractionavailableon
existingbands 4
(3g)Realizethedetection/measurementFunction.
(3h)Introduce/enhancetheadapting/coordination/controlFunction.
E.g.Addtouch/functionality
23.CustomerPurchase
Focus
Performance==>Reliability==>
Convenience==>Price *Currentfocusisstillperformamce 3
(2h)Improvetheproperties/performanceofthesystemasawhole.
E.g.Improveaccuracy/reliability
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$QDORJRXV3URGXFWV

%DVV0RGHO5HVXOWV

$33(1',;%$'',7,21$/),*85(6

7HFKQRORJ\$GRSWLRQ/LIH&\FOH

Coefficient
of
innovators
(p)
Coefficient
of
imitators
(q)
Market
Structure
(W1=0.4)
Product
Characteristics
(W2=0.6) NumericalScore
Weighted
Numerical
Score
Cellularphone(1986 ?1996) 0.008 0.421 8 1 3.8 0.267605634
HomePC(1982 ?1988) 0.121 0.281 3 1 1.8 0.126760563
Ultrasoundimaging(1965 ?1978) 0.0013 0.6196 8 9 8.6 0.605633803
WeightedAverageforFitness
Trackers 0.018266197 0.52353239
t(years) N(t) S(t) N(t)/m S(t)/m
1 3.984385 3.984385 2% 2%
2 9.943844 5.959458 5% 3%
3 18.71519 8.771351 9% 4%
4 31.31508 12.59988 14% 6%
5 48.76829 17.45321 22% 8%
6 71.68536 22.91707 33% 11%
7 99.55629 27.87093 46% 13%
8 130.0546 30.49828 60% 14%
9 159.1553 29.10072 73% 13%
10 182.7598 23.60452 84% 11%
11 198.9203 16.16046 91% 7%
12 208.4419 9.521639 96% 4%
13 213.4651 5.023178 98% 2%
14 215.9397 2.474643 99% 1%
15 217.1143 1.174588 100% 1%
16 217.6615 0.547229 100% 0%
17 217.9142 0.252688 100% 0%
18 218.0304 0.116195 100% 0%
19 218.0838 0.053328 100% 0%
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